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SCIENTIFIC EDITORIAL
Speckle-tracking  strain  echocardiography:
Any place  in  routine  daily  practice  in  2014?
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Myocardial  ﬁbres  of  the  left  ventricle  (LV)  have  a  spiral  orientation,  the  subendocardial  and
subepicardial  ﬁbres  being  longitudinally  orientated  and  the  midwall  ﬁbres  being  circum-
ferentially  orientated.  As  a  result,  during  normal  systole,  there  is  longitudinal  myocardial
shortening,  which  causes  the  left  ventricular  (LV)  base  to  descend  toward  the  apex,  and
there  is  circumferential  shortening.  The  systolic  (radial)  thickening  results  from  both  lon-
gitudinal  and  circumferential  shortening  due  to  mass  conservation  of  the  myocardium.
The  LV  also  has  a  twist  motion  due  to  systolic  counterclockwise  rotation  of  the  apex  and
clockwise  rotation  of  the  base.  This  complex  motion  leads  blood  to  be  propelled  forward
at  a  rate  appropriate  for  organ  perfusion  and  bodily  function.  This  movement  can  be  quan-
tiﬁed  by  calculating  myocardial  strain,  which  describes  myocardial  deformation  (i.e.  the
fractional  change  in  the  length  of  a  myocardial  segment  during  the  cardiac  cycle).
Speckle-tracking  imaging  is  a  relatively  new  technique  for  obtaining  myocardial  strain
based  on  the  tracking  of  speckles  in  gray-scale  echocardiographic  images.  The  speck-
les  result  from  the  interference  of  the  ultrasound  waves  with  structures  smaller  than
the  wavelength  of  the  ultrasound.  Speckles  are  acoustic  markers  that  can  be  tracked
from  frame  to  frame  (speckle  correlation),  allowing  strain  calculation.  This  approach
has  been  validated  experimentally  against  micrometry  and  cardiac  magnetic  resonance
imaging  (MRI)  [1]. The  optimal  frame  rate  for  speckle-tracking  strain  assessment  is
50—90  frames/second.  Indeed,  higher  frame  rate  values  lead  to  a  decrease  in  the  number
Abbreviations: 2D, two-dimensional; 3D, three-dimensional; DICOM, Digital Imaging and Communications in Medicine; GLS, global
longitudinal strain; LV, left ventricle/ventricular; LVEF, left ventricular ejection fraction; MRI, magnetic resonance imaging.
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f  ultrasound  beams  in  each  frame,  resulting  in  low  spatial
esolution  and  poor  image  quality.  Conversely,  low  frame
ates  may  result  in  a  loss  of  speckles,  as  they  can  move
ut  of  plane  in  successive  frames.  Longitudinal  strain  can
e  obtained  at  a  segmental  level  in  apical  views;  circumfer-
ntial  and  radial  strain  can  be  obtained  in  parasternal  views
Fig.  1).
Global  longitudinal  strain  (GLS)  is  the  average  longitu-
inal  component  of  strain  in  the  entire  myocardium,  which
an  be  approximated  by  averaging  the  segmental  strain  com-
onents  in  individual  myocardial  wall  segments  [2].  The
eproducibility  of  GLS  was  excellent  in  previous  reports
with  coefﬁcients  of  variation  of  about  7%),  but  reproducibil-
ty  was  signiﬁcantly  lower  for  circumferential  strain  and
ven  worse  for  radial  strain  [3].  One  explanation  may  be
hat  the  LV  shortens  from  base  to  apex  with  systole,  hence
omplicating  the  ﬁxed  short-axis  tracking  that  is  required
or  radial  and  circumferential  strain.  In  contrast,  the  heart
oves  from  base  to  apex  within  the  same  plane  in  case  of
ongitudinal  tracking.  Recently,  in  a  cohort  of  consecutive
atients  in  daily  practice,  longitudinal  strain  was  reliably
btained  in  90%  of  segments  but  circumferential  and  radial
train  were  obtained  in  only  half  of  the  patients  [4].  Vendors
ave  accordingly  developed  intuitive  toolboxes  that  allow
apid  online  quantiﬁcation  of  longitudinal  strain.  Segmental
ystolic  longitudinal  strain  is  commonly  represented  on  an
merican  Society  of  Echocardiography  17-segment  bull’s  eye
iagram  or  on  time-dependent  curves  of  strain  throughout
he  cardiac  cycle  (Fig.  2).
Studies  have  demonstrated  the  clinical  relevance  of
peckle-tracking  GLS  in  a  variety  of  clinical  settings.  In
 retrospective  study  of  546  consecutive  individuals  in  an
cademic  echocardiography  laboratory,  GLS  was  a  supe-
ior  predictor  of  outcome  compared  with  left  ventricular
jection  fraction  (LVEF)  and  wall  score  motion  index.  GLS
rovides  independent  prognostic  information  compared  with
VEF  in  patients  with  heart  failure  and  LV  systolic  dys-
unction  [5].  The  combination  of  longitudinal  strain  and
all  motion  score  index  provides  a  signiﬁcant  incremental
ncrease  in  diagnostic  accuracy  for  coronary  artery  disease
6].  Impaired  GLS  is  associated  with  outcomes  in  patients
ith  valvular  heart  disease  such  as  organic  mitral  regur-
itation  [7]  and  severe  asymptomatic  aortic  stenosis  [8].
LS  identiﬁes  subclinical  disease  in  patients  with  diabetes
r  cardiomyopathies  [9,10].  In  addition,  GLS  is  an  inde-
endent  early  predictor  of  subsequent  reductions  in  LVEF,
ncremental  to  the  usual  predictors  in  patients  at  risk
f  trastuzumab-induced  cardiotoxicity  [11].  Despite  these
mportant  ﬁndings,  previous  reports  have  demonstrated
igniﬁcant  differences  between  vendors  for  GLS  values
btained  by  speckle-tracking  in  patients  with  normal  and
ith  pathological  ﬁndings  [12,13].  Vendor-speciﬁc  methods
or  processing  LVEF  in  apical  views  with  divergent  results
n  the  past  may  have  deﬁnitively  compromised  the  use  of
his  index,  which  plays  a  major  role  in  decision-making  in
veryday  cardiology  practice.  Post-processing  and  speckle-
racking  algorithms  that  are  vendor  speciﬁc  appear  to  be
he  most  important  determinant  in  intervendor  variation.  In
ontrast,  image  acquisition  appears  to  have  only  a  limited
ffect  [12].  However,  in  a  recent  meta-analysis  of  normal
anges  of  LV  strain,  blood  pressure  —  but  not  the  vendor  —
as  associated  with  variations  in  normal  GLS  values  [14].
r
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iven  the  potential  discrepancy  between  vendors,  which
ould  compromise  the  widespread  clinical  use  of  speckle-
racking  strain,  the  American  Society  of  Echocardiography
nd  the  European  Association  of  Echocardiography  have  set
p  an  expert  group,  comprising  interested  researchers  and
ndustry  members,  to  achieve  concordance  concerning  the
etails  of  what  is  measured  by  these  techniques.  Phantoms
re  used  to  calibrate  strain  values.  Let  us  hope  that  this
mportant  work  will  result  in  standardization  of  GLS  values  in
he  near  future.  Another  alternative  would  be  to  use  vendor-
ndependent  software  products  on  images  recorded  in  the
igital  Imaging  and  Communications  in  Medicine  (DICOM)
ormat.  However,  the  main  limitation  is  the  low  frame  rate
30  frames/second)  in  the  DICOM  format,  potentially  lead-
ng  to  undersampling  and  speckle  decorrelation.  This  is  not
 limitation  of  vendor-speciﬁc  software  products,  which  use
aw  data  with  the  native  frame  rate.
Another  important  limitation  of  GLS  in  daily  practice  is
hat  advances  in  echocardiography  for  quantiﬁcation  of  car-
iac  structure  and  function  have  not  been  seen  in  clinical
rials,  despite  the  modest  interobserver  reproducibility  of
onventional  measures  of  LV  systolic  function.  GLS  may  be
sed  for  functional  assessment  of  the  LV,  as  an  endpoint  for
he  evaluation  of  the  effect  of  drugs  or  devices  on  the  LV.
or  example,  indications  for  cardiac  resynchronization  ther-
py  or  an  implantable  cardioverter  deﬁbrillator  rely  on  LVEF
ue  to  inclusion  criteria  in  large  clinical  trials.  The  effect
f  CRT  on  LV  remodelling  relies  on  changes  in  LV  volumes  or
VEF,  despite  their  low  reproducibility,  but  not  on  changes
n  GLS.  Interestingly,  a  very  recent  study  has  demonstrated
he  excellent  feasibility  and  reproducibility  of  GLS  measure-
ent  in  the  context  of  an  epidemiological  community-based
tudy  [15].
ow to integrate longitudinal strain values
nto our daily practice in 2014?
irst,  GLS  measurement  relies  on  acquired  cine  loops
ith  optimal  quality,  with  particular  care  required  to
void  apical  foreshortening.  Hence,  GLS  measurement
nhances  our  echocardiographic  skills  to  obtain  reli-
ble  apical  two-dimensional  (2D)  views  and  increases  the
lobal  echocardiographic  imaging  quality.  From  a  practi-
al  approach,  the  use  of  a  single  apical  view  to  derive
ongitudinal  strain  is  not  recommended,  as  strain  may  be
egmentally  decreased  while  GLS  remains  preserved,  with
mportant  clinical  implications.  Hence,  GLS  values  should  be
eported  in  the  echocardiographic  report.  It  is  worth  not-
ng  that  blood  pressure  must  be  measured  at  the  time  of
chocardiography  and  reported,  as  it  inﬂuences  longitudinal
train  values.  A  ‘‘normal’’  GLS  value  was  —19.7%  (95%  conﬁ-
ence  interval  —20.4%  to  —18.9%)  in  a  recent  meta-analysis.
rom  a  practical  point  of  view,  a  cut-off  value  of  —17%  should
e  considered  for  ‘‘abnormal  longitudinal  strain’’.  Whether
ge-dependent  strain  values  should  be  used  is  a matter  of
ebate  [16].The  second  step  is  to  quickly  analyse  the  bull’s  eye
ecording  by  pattern  recognition.  For  example,  cardiac  amy-
oidosis  is  responsible  for  a  decrease  in  basal  longitudinal
train  with  relative  apical  sparing,  as  shown  in  Fig.  3A
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MFigure 1. The three components of strain (longitudinal, radial an
[17].  Similarly,  asymmetric  septal  hypertrophic  cardiomy-
opathy  is  characterized  by  a  decrease  in  septal  longitudinal
strain  (Fig.  3B).  In  some  cases,  zones  of  chronic  myocar-
dial  infarction  may  be  recognized  as  contiguous  segments
with  markedly  abnormal  strain  (Fig.  3  C  and  3D).  It  is
worth  noting  that  an  isolated  markedly  abnormal  strain
segment  may  be  found,  with  no  adjacent  abnormal  seg-
ments  and  a  visually  normal  echocardiogram;  such  a  ﬁnding
corresponds  to  a  ‘‘false-positive’’  strain  echocardiogram
(Fig.  4).
More  complicated  approaches,  including  analysis  of  mul-
tiwave  forms  of  longitudinal,  radial  and  circumferential
strain  measurements  and  LV  twist  are  more  cumbersome
for  clinical  practice,  but  are  very  valuable  research  tools
for  understanding  the  pathophysiology  of  cardiac  diseases.
For  example,  waveform  interpretation  is  particularly  difﬁ-
cult  in  patients  with  coronary  artery  disease  in  the  setting
of  acute  coronary  syndrome  or  in  the  chronic  phase  of
myocardial  infarction  for  the  assessment  of  myocardial  via-
bility.  Peak  strain  can  be  measured  as  peak  systolic  strain
p
t
l
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Figure 2. Segmental strain curves and the 17-segment bull’s eye reprecumferential).
positive  or  negative),  peak  strain  at  end-systole  (at  the
ime  of  aortic  valve  closure)  or  peak  strain  regardless  of
iming  (in  systole  or  early  diastole).  In  the  setting  of  myocar-
ial  infarction,  peak  systolic  strain  better  correlates  with
ate-enhancement  MRI  ﬁndings  [18].  In  contrast,  in  patients
ith  left  bundle  branch  block,  peak  strain  regardless  of
iming  should  be  used,  as  the  maximal  deformation  of  the
ateral  wall  is  after  aortic  valve  closure,  while  the  max-
mal  deformation  of  the  septal  wall  may  be  presystolic
19].
Previous  reports  have  highlighted  the  importance  of  lon-
itudinal  and  circumferential  strain  for  detecting  acute
oronary  occlusion  in  non  ST-segment  elevation  myocardial
nfarction  or  for  detecting  the  transmurality  of  myocar-
ial  infarction  compared  with  late-enhancement  cardiac
RI  [20].  In  Fig.  5, we  present  the  case  of  a  65-year-old
atient  referred  to  the  emergency  department  for  persis-
ent  chest  pain  with  a  normal  electrocardiogram.  Decreased
ongitudinal  strain  in  the  inferolateral  and  anterolateral
erritories  (Fig.  5A)  correlated  with  a  circumﬂex  artery
sentation of longitudinal strain.
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Figure 3. Bull’s eye representation of longitudinal strain in a patient with: (A) cardiac amyloidosis; (B) septal hypertrophic cardiomyopa-
thy; (C) chronic large anterior myocardial infarction; and (D) chronic inferior myocardial infarction.
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vigure 4. Two isolated segments (white circles) with markedly a
ndicating false-positive results. Note that global longitudinal strain
cclusion  (Fig.  5B).  Strikingly,  the  performance  of  lon-
itudinal  strain  was  lower  than  circumferential  strain  in
his  setting,  with  substantial  overlap  between  patholog-
cal  and  reference  groups.  Recently,  the  assessment  of
ayer-speciﬁc  longitudinal  strain  identiﬁed  non-ST-segment
levation  acute  coronary  syndrome  patients  with  signiﬁ-
ant  coronary  artery  disease  [21].  Endocardial  function  was
ore  severely  affected  in  patients  with  signiﬁcant  coro-
ary  artery  disease  compared  with  epicardial  function  and
VEF.  The  assessment  of  subendocardial  strain  using  new
i
s
s
oal longitudinal strain in a patient with a normal echocardiogram,
ithin the normal range.
ayer-speciﬁc  longitudinal  strain  software  products  may
eﬁne  the  role  of  longitudinal  strain  in  this  important  clinical
etting.
Speckle-tracking  strain  can  be  obtained  with  three-
imensional  (3D)  echocardiography.  From  a  theorical
iewpoint,  3D-derived  strain  overcomes  one  of  the  lim-
tations  of  2D  strain  (i.e.  out-of-plane  motion  of  the
peckles).  Hence,  3D-strain  echocardiography  may  repre-
ent  an  interesting  alternative  approach  for  the  assessment
f  circumferential  and  radial  strain.  Three-dimensional  area
Speckle-tracking  strain  echocardiography  633
Figure 5. The case of a 65-year-old patient with acute chest pain and a near-normal electrocardiogram. Despite no clear wall motion
abnormality at visual inspection, longitudinal strain is decreased in the territory of the left circumﬂex artery (A), which was occluded at
coronary angiography (B).
mal p
RFigure 6. Three-dimensional speckle-tracking area strain in a nor
tations.
strain,  which  integrates  all  components  of  strain  (longitudi-
nal,  radial  and  circumferential),  can  be  obtained  (Fig.  6);
it  is  reproducible  and  correlates  better  with  LVEF  than
2D-strain  data  [22].  The  main  limitation  in  clinical  practice
is  feasibility  (around  75%),  as  there  is  a  need  for  breath-
hold  during  six  cycles  to  obtain  a  volume  rate  greater  than
40  frames/second.  Arrhythmias  or  poor  echogenicity  are  also
other  issues.  However,  3D  speckle-tracking  is  likely  to  repre-
sent  the  future  of  speckle-tracking  once  smaller  probes  with
higher  frame  rates  obtained  within  one  cycle  are  released.
Hence,  2D  longitudinal  strain  is  likely  to  remain  the  strategy
of  choice  for  strain  imaging  in  the  immediate  future.Disclosure of interest
Prof.  Sylvestre  Maréchaux  has  received  grants  or  consulting
fees  from  GE  Healthcare  and  Philips  Healthcare.atient with segmental curves and 17-segment bull’s eye represen-
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